Introduction
Air pollution adversely affects several key aspects of human health, including the 20 cardiovascular and respiratory systems, and more recently, the central nervous system (CNS). dendrites and anterograde axonal translocation to finally reach the olfactory glomeruli and 114 mitral cells. Intriguingly, the same study has also shown that gold nanoparticles were 115 predominantly colocalizing with mitochondria and this potentially could have a negative impact 116 on neuronal metabolism. Another study confirming the olfactory translocation mechanism of 117 UFPs has shown that direct intranasal installation of manganese oxide nanoparticles in rats 118 subjected to one-sided nostril occlusion resulted in particle accumulation in the contralateral 119 olfactory bulb (Elder et al., 2006) . 120 Another route of exposure to air pollutants is the systemic route. PM that reaches the 164 As shown in the studies from Calderón-Garcidueñas et al, feral dogs living in strongly 165 polluted urban areas displayed evident signs of oxidative damage, early-onset deposition of 166 beta amyloid plaques and increased DNA damage in several areas of the brain, including 167 olfactory bulb, cerebral cortex and hippocampus (Calderón-Garcidueñas et al., 2003 , 2002 . 168 Moreover, the levels of typical proinflammatory markers such as CD68, CD163, IL-1β and COX-2 169 were notably elevated in human brain tissue analyzed from individuals residing in areas 170 characterized by high air pollution. These individuals displayed also an increased accumulation 171 of the toxic form of beta-amyloid (Aβ-42), known to accumulate in Alzheimer's disease (AD), 172 accompanied by BBB leakage and lesions in the prefrontal lobe (Calderón-Garcidueñas et al., 173 2008). Even though the exact mechanisms of PM influence on AD progression are not yet clear, 174 it is already evident that there is a tight link between cognitive decline, increased risk of 175 dementia and exposure to air pollutants (Chen et al., 2017; Power et al., 2011) . However, the 176 results of latest meta-analyses indicated that traffic-related air pollution is weakly associated 177 with PD (Kasdagli et al., 2019), despite the previous data showing loss of dopaminergic neurons 4.1 Structure and function 191 The mitochondrion was first observed by Richard Altmann in 1890, and subsequently 192 studied in the early 20 th century (Lewis and Lewis, 1914) . The cellular function of the 193 mitochondrion was dissected over the next 50 years when it was famously coined the 194 'powerhouse of the cell' by Philip Siekevitz (McCann, 1918; Siekevitz, 1957) . The evolutionary 195 origin of the mitochondrion has been discussed in a series of reviews by Gray et al (Gray, 2015; 196 Gray et al., 2001, 1999) . In a single cell, some hundreds to thousands of mitochondria exist 197 within the cytoplasm, with a copy number and gene expression profile specific to the cell type Complex III ubiquinol-cytochrome c oxidoreductase, complex IV cytochrome c oxidase, all   231 contribute to the generation of inorganic phosphate for ATP synthesis (Sousa et al., 2018) . 232 Oxidative respiration requires electron donors such as NADH and FADH2 which enters the ETC, 233 all to generate H+ required to convert ADP into ATP. One Krebs cycle generates 34 ATPs, with 234 CO2 and water as by-products. As a result, ROS are often generated by the ETC and released 235 into the matrix. Imbalance of ROS levels may lead to damage of DNA or proteins within the 236 mitochondria (Calvo and Mootha, 2010). This phenomenon is frequently observed in cells 237 exposed to air pollutants, as discussed below. Often, the cell triggers the anti-oxidative stress 445 In the past decade, few in vitro air pollution studies have focused research on brain 446 mitochondrial targets, due to the infancy of the field relative to the respiratory and pulmonary 447 systems (see Table 1 for summary of studies). In general, all the studies thus far have reported to enhance or protect mitochondrial activity to mitigate effects of air pollutants on brain health. 471 Although there will be more publications of air pollution studies on brain mitochondrial 472 function, it may be imperative to focus studies on those particles that are most likely to 473 translocate into the brain. 474 Levels of oxidative stress are already high in the brain due to the high levels of in the brain in ApoE knockout mice exposed to CAPs (Veronesi et al., 2005) . Later this finding 493 was strengthened by showing the involvement of mitochondrial depolarization in the early 494 response to CAPs exposure. After exposing BV2 mouse microglia to CAPs, they consider 495 mitochondrial depolarization as a fast brain response to oxidative stress (Sama et al., 2007) . 496 One year before this research group showed that nano-size TiO 2 stimulate the immediate 
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